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Background: Speckle tracking echocardiography is increasingly being used to assess cardiac function in neonates.
The objective was to compare speckle tracking strain indices between asphyxiated infants and healthy controls and
to ascertain correlations between strain and 2D Doppler derived indices and cardiac troponin (biochemical marker
of myocardial injury).
Methods: Clinical and echocardiographic data from severely asphyxiated infants undergoing therapeutic
hypothermia was evaluated retrospectively. This was compared with prospective data from healthy infants.
Correlations between variables were assessed using Pearson’s coefficient of correlation.
Results: Twenty four infants with severe perinatal asphyxia were admitted during the study period of which 3 were
not cooled and were excluded. The gestational age and birth weights of cases and controls were comparable. The
mean left ventricular global longitudinal strain (GLS) from apical 4 chamber view was noted to be significantly
impaired in the asphyxiated infants (– 11.01% ± 2.48 vs – 21.45% ± 2.74, p <0.001). Cardiac output was significantly
lower in the asphyxiated infants (97 ± 26 vs 230 ± 60 ml/kg/min). In asphyxiated infants, GLS correlated positively
with cardiac output (r2 = 0.86, p< 0.001) and negatively with serum troponin levels (r2 = 0.64, p< 0.001). GLS was less
impaired in infants on inotropes compared to those not on inotropic support, -12.55% (1.9) vs -10.2% (1.3), p= 0.018.
Infants who died had a lower global strain value compared to survivors, – 9.7% (1.6) vs – 12.8% (2.6), p = 0.02.
Conclusions: 2D Speckle derived strain was impaired in asphyxiated infants. Significant correlations between GLS
and cardiac output and troponin were noted.
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Speckle tracking echocardiography (STE) is a relatively
new technique for assessing neonatal cardiac function
though it has been used in adult studies previously [1].
Strain, i.e. deformation, is expressed as either a fraction
or the percentage change from the original dimension
while strain rate (SR) is the deformation per unit time
[1]. Quantitative assessment of myocardial function on
the basis of STE utilising automated functional imaging
(AFI) has advantages such as non-dependence on the
angle of insonation and real time assessment in multiple* Correspondence: arvind.sehgal@monash.edu
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reproduction in any medium, provided the ordimensions [2]. There is emerging data in neonates on
the applicability and usefulness of both DTI and STE
derived strain analysis [3,4]. More recently, Singh et al
demonstrated the use of STE derived right ventricular
global longitudinal strain (GLS) in predicting clinical
outcomes in preterm infants [5]. Normative myocardial
deformation data on healthy neonates using 2D STE
has not been described previously.
Approximately 1–2 newborns per 1000 live births could
be affected by severe perinatal asphyxia [6] which can
lead to multi-organ insult including cardiovascular dys-
function. Asphyxiated infants are managed with thera-
peutic hypothermia which has been shown to improve
survival and neurological outcomes. Cardiovascular in-
volvement in these infants can be demonstrated by changesLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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chemical markers [6,7]. In a study on 7 asphyxiated infants
treated with hypothermia, cardiac output was noted to be
lower during the cooling phase [6]. Myocardial contraction
has been traditionally described as fractional shortening
and is used as a measure for global cardiac function. Some
studies in the asphyxiated infants have shown a reduced
fractional shortening [8] while others have not [3,7]. A new
method for the evaluation of neonatal myocardium in the
severely asphyxiated infants could be useful.
Serum cardiac troponin (cTnT) has also been studied
as a marker of myocardial injury in neonates [7]. A value
of >0.1 ng/ml (equivalent to 0.1 μg/L) has been proposed
as a reliable measure of myocardial injury in neonates.
The primary objective of this study was to determine
myocardial strain indices using STE in term neonates
with severe perinatal asphyxia and to compare them with
healthy term controls. The secondary objective was to
ascertain correlations between left ventricular GLS and
left ventricular output (LVO) and cTnT (biochemical
marker of myocardial injury) in the asphyxiated infants.
Methods
Unit electronic database was accessed to identify infants
with severe perinatal asphyxia administered therapeutic
hypothermia during the period from January 2010 till
August 2012. Demographic details and clinical data were
retrieved and the archived echocardiographic images
were analysed using AFI software (GE Echopac™). Echo-
cardiographic monitoring of infants with clinical haemo-
dynamic compromise is practised in the Unit since 2009
and has been approved as a quality improvement activity
by the institutional ethics committee. One echocardio-
gram was done by echo-technologists from paediatric
cardiology department; all others were done by investiga-
tor (AS). The information from the asphyxiated neonates
was analysed retrospectively. Normative data collection
from healthy term neonates was done prospectively and
was approved as a separate study by the institutional eth-
ics committee. At the institution, a daily list of deliveries
is generated. The healthy controls in the postnatal ward
were approached for participation in the study. The usual
practice is for these infants to be discharged with mothers
after 2 days (for vaginal deliveries) or 4–5 days for caesar-
ean section deliveries. Data was analysed using software
SPSS v18 and is presented as mean ± standard deviation
and percentages for parametric and non-parametric data.
Correlations between variables were assessed by Pearson’s
coefficient of correlation while data between the cases and
controls was compared using two tailed Unpaired Student-
t test. Significance was set at p< 0.05. The intraobserver
repeatability was analysed by calculating the intraclass
correlation coefficients. This is an estimate of the reliabil-
ity of the measurement and varies from 0 (no reliability)to 1 (total reliability, when test = retest measure). The
intraobserver variability was assessed by performing off-line
analysis on the same patients one week apart. The observer
was blinded to the categorization of the infant.
Subject population
Therapeutic hypothermia is the standard of care for
asphyxiated infants in Australia and New Zealand. The
infants are cooled when all 3 of the following criteria
are met:
a) Gestational age > 35 weeks and birth weight > 2000 g
b) At least 2 of the following Apgar score ≤ 5 at 10 minutes and/or
 Mechanical ventilation or need for resuscitation
at 10 minutes and/or
 Cord pH < 7.0 or arterial/venous blood gas
pH < 7.0 or base deficit ≥ 12 on sample obtained
within 1 hour of birth
c) Moderate or severe hypoxic ischaemic encephalopathy
(Sarnat’s & Sarnat’s staging).
The aim is to maintain the core body temperature
between 33–34°C for the first 72 hours and achieve
rewarming over a period of 12 hours. None of the infants
in this study received sedation or were paralysed.
Echocardiographic measurements
All echocardiographic studies were done using GE Vivid
7 equipment (GE Vingmed Ultrasound, Horten, Norway)
and 10 Hz probe. Real time 2D data on the first postna-
tal day was collected from an apical 4 chamber view in
all the subjects and stored digitally for offline analysis on
the Echopac system. Gain settings were optimized to ob-
tain as clear differentiation as possible between the ven-
tricular cavity and the wall. Endocardial tracing over a
single frame was manually drawn for the LV. This was
followed by automatic tracking of endocardial borders
throughout the cardiac cycle. The LV was divided into
six segments: basal septal, middle septal, apical septal,
apical lateral, middle lateral and basal lateral (Figure 1).
Segmental strains as well as GLS were measured as dis-
placement of speckles in relation to one another along the
endocardial contours throughout the different phases of
the cardiac cycle. The negative SR values in the apical view
depict longitudinal shortening in systole. The timing of
aortic valve closure was defined from the pulse Doppler re-
cording from the apical 4-chamber view and displayed
automatically. Based on the aortic valve timing, Echopac
algorithm generates 7 curves that represent strain/strain
rate in the longitudinal direction (along the heart wall) for
6 specific myocardial segments and one global value
representing combined strain from all segments. A frame
rate of at least 80 was used for storage and analysis. We
Figure 1 Top left: mapping of the region of interest in the LV myocardium. Bottom left: peak segmental longitudinal strain values.
Top right: Segmental peak systolic strain curves. Bottom right: curved anatomical M-mode of longitudinal deformation.
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chamber) and radial (short axis) measurements. While this
was possible for all apical 4 chamber views, inadequate
image quality for short axis in 6 of 21 prevented further
analysis. The intra-observer variability analysis was presented
in the form of intra-class correlation for longitudinal
(apical 4 chamber) measurements.
2D Doppler Ventricular performance
LVO was measured from the apical 5 chamber view.
Ventricular output was calculated in ml/kg/min by the for-
mula (Velocity Time Integral × [π × outflow diameter2/4] ×
heart rate)/body weight. The angle of insonation was kept
to < 15°. The cross sectional area was uniformly measured
at the valve hinges. Diastolic performance was evaluated
from Doppler interrogation of transmitral flow. Specifically,
the peak velocity of early passive wave (E wave) and late
active wave (A wave) were measured to calculate the E/A
ratio [9]. LV dimensions for fractional shortening were
measured using M mode from parasternal long axis view
at the level just distal to the mitral valve leaflet tips at
end diastole.
Results
Twenty four infants with severe perinatal asphyxia were
admitted during the study period, of whom 7 died.
Three infants were not cooled and were excluded from the
analysis (one—33 weeks, two—severe coagulopathy and
pulmonary hypertension requiring nitric oxide). The likelyaetiology in 17/21 cases was meconium aspiration syn-
drome. Two infants were born in the setting of antepartum
haemorrhage while one had a tight cord around the neck.
Exact cause of asphyxia in one was not known. Table 1 de-
picts the demographic and clinical characteristics of the
study population. The asphyxiated infants had a low initial
pH and high serum lactate. The start of cooling ranged
from 1–5 hours and the median (range) duration was 72 h
(6–72 hours). Serum cTnT values were done in 18 infants
on the same day as echocardiograms. These were high
(1. 71 ± 0.66 μg/L) compared to the normal reference
range for the local laboratory (<0.08 μg/L). Troponin
levels were not measured in the control population. At
the time of the echocardiogram, only one infant was
hypotensive with a mean arterial pressure of 33 mmHg,
while seven infants were already on inotropes.
The mean LV GLS was noted to be significantly im-
paired in the asphyxiated infants (– 11.01% ± 2.48 vs –
21.45% ± 2.74, p <0.001). Table 2 depicts speckle derived
LV peak systolic segmental strain and SR in the asphyxiated
infants and healthy term controls in the basal, middle and
apical segments in the apical view. Segmental strain and SR
were both noted to be significantly lower in the asphyxiated
infants; however, no significant segmental gradient was
noted. Table 3 depicts conventional Doppler and 2D indices
in the respective groups. The ductus arteriosus was noted
to be patent in a proportion of infants. For control infants,
it shunted left to right in all infants while for the asphyxi-
ated infants, it shunted left to right in 11 and mixed in 2;
Table 1 Demographic and baseline clinical characteristics






Gestational age (weeks) 39 ± 1.3 39 ± 1.4
Birth weight (g) 3807 ± 197 3812 ± 176
Inotropes dosage median (range)
Dobutamine (n=10)^ 10 (6, 10)
Dopamine (n=3)*^ 10 (10, 10)
Timing of echocardiograms
median (range) hours 6.2 (3-11) 32 (26, 40)
Blood gas parameters Not applicable
pH 6.96 ± 0.13
Base deficit -18.1 ± 8.9
Serum lactate (mmol/L) 20.3 ± 2.5
Ventilation (at the time of echo) Not applicable
Mode (conventional), n (%) 21 (100)
MAP (cmH2O) 8.1 ± 0.9
FiO2^ 0.26 (0.21, 0.32)
*in addition to Dobutamine, pH mostly from cord arterial gas, ^-median (range).
Table 3 2D and conventional Doppler indices in the





Temperature (°C) 33.5 ± 0.5
Fractional shortening (%) 26.4 ± 5.5 33.5 ± 5.3 <0.0001
Aortic stroke volume (ml/kg) 0.8 ± 0.3 1.6 ± 0.2 < 0.001
Left ventricular output
(ml/kg/min)
97 ± 26 230 ± 60 < 0.001
Mitral E/A ratio 1.37 ± 0.2 0.85 ± 0.06 < 0.001
Transductal diameter (mm) 0.7 ± 0.2* 0.8 ± 0.2** NS
*n=13, **n=14, NS not significant.
Sehgal et al. Cardiovascular Ultrasound 2013, 11:34 Page 4 of 8
http://www.cardiovascularultrasound.com/content/11/1/34always less than 30% of cardiac cycle. Cardiac output was
lower in the asphyxiated infants and the LV GLS correlated
positively with cardiac output and negatively with serum
cTnT (Figures 2 and 3). GLS correlated with LVO in the
control infants as well (r2 = 0.5, p < 0.001, Figure 4). Seven
asphyxiated infants were on inotropes at the time of the
echocardiogram. GLS in these infants was higher compared
to those not on inotropic support, -12.55% (1.9) vs -10.2%
(1.3), p= 0.018. Eight of 21 infants died (38%). Global strain
in the infants who died was lower compared to survivors, –
9.7% (1.6) vs – 12.8% (2.6). The intraclass correlation coeffi-
cient for intra-observer echocardiographic measurements
are presented in Table 4.
Discussion
Speckle tracking echocardiography is a relatively recent
addition to neonatal non-invasive cardiac diagnostics and
















































P value for all <0.001.infants. LV GLS was noted to be significantly impaired in
asphyxiated infants. No significant segmental gradient was
noted. Global strain was associated with a low cardiac out-
put state and elevated cTnT.
Acute myocardial ischemia and strain imaging
Myocardial deformation is affected by complex interactions
between inherent cardiac contractile force and extrinsic
loading (both pre and after) conditions. Hence, both could
determine the pattern and the magnitude of deformation.
Impairment in deformation could affect both shortening
and lengthening. In acute ischemic conditions, the affected
myocardial tissue does not demonstrate shortening or
lengthening activity and it reflects in reduced systolic SR or
strain. The deformation data related to ischemia and infarc-
tion is predominantly from adult literature and used DTI
strain analysis. Our study used STE to assess asphyxiated
infants. These infants were already severely haemodynamic-
ally compromised which reflected in abnormal conven-
tional parameters of fractional shortening, stroke volume
and LVO. While the numbers in each group were small, in-
fants on inotropes had greater global deformation com-
pared to those who were not on inotropes. There is limited
data on the effect of inotropes on myocardial deformation
which has been studied using DTI. In porcine myocardium,
the peak systolic strain rate increased with incremental
dobutamine challenge [10,11]. Using the 2D speckle track-
ing analysis on healthy adults, a dose-response relationship


















































Figure 2 Correlation between global longitudinal strain and left ventricular output in asphyxiated infants.
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In our study, lower GLS was also associated with higher
mortality. While the cause of death could not be as-
cribed solely to cardiovascular issues, it could be, in our
opinion, a marker of severity of the overall disease process.Figure 3 Correlation between global longitudinal strain and serum caCzernik and colleagues used STE to assess evolution
in cardiac performance during various phases of thera-
peutic hypothermia in 8 asphyxiated neonates [4]. As-
sessments were made at 4 time points; start (T1) and
end of hypothermia (T2), immediately after rewarmingrdiac troponin.
Figure 4 Correlation between global longitudinal strain and left ventricular output in control infants.
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in the T1 analysis which showed a significant increase at
the end of the first week. While this study did not include a
control group, it did provide additional information about
cardiac adaptation to disease process and hypothermia.
The timing of the first echocardiographic evaluation in this
study was different from ours.
Correlation between various cardiac indices
Myocardial deformation is an angle independent meas-
urement if the speckle tracking technique is based on
2D gray ultrasound image acquisitions. ConventionalTable 4 Intra-class correlation and coefficient of variation










Global longitudinal strain Cases 0.85 7.5
Controls 0.83 8.1
Strain rate Cases 0.76 9.1
Controls 0.79 8.8
Stroke volume Cases 0.82 8.3
Controls 0.8 8.4
Fractional shortening Cases 0.8 8.6
Controls 0.82 8.1
Transmitral Doppler Cases 0.85 7.1
Controls 0.82 7.8Doppler derived indices (such as LVO), on the other
hand, typically depend on the angle of insonation. Given
that a third of the patients were on inotropes, it might
under estimate the severity of the haemodynamic com-
promise. We noted a significant correlation between LV
GLS and LVO in both groups and between GLS and
cTNT in the asphyxiated infants. The latter remains the
best marker of acute heart injury with high predictive
values [13]. The DTI derived longitudinal systolic SR has
previously been shown to correlate with global measures
of systolic function in anesthetized mongrel dogs and
humans [14,15]. Changes in deformation closely corre-
lated to changes in contractility (best with changes in
stroke volume). Belghitia et al evaluated the accuracy and
reproducibility of GLS in determining LV function in
comparison to reference echocardiographic and angio-
graphic methods [16]. Strong correlations were observed
with a high level of reproducibility demonstrating its
clinical applicability, short acquisition time, feasibility and
accuracy in patients admitted with myocardial infarction.
2D strain analysis has been shown to be useful in
neonatal settings as well. El-Khuffash et al recently
demonstrated feasibility and reliability of STE in pre-
mature infants with a haemodynamically significant ductus
arteriosus [17]. Echocardiography was performed in 19
preterm infants before, 1 hour after and 18 hours after sur-
gical duct ligation. GLS values significantly decreased 1
hour after but had significantly improved 18 hours after
the procedure. Singh and colleagues assessed RV myocar-
dial strain and SR in premature infants with chronic lung
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gestation, predict need for respiratory support at 36 weeks
corrected gestational age [5]. Right ventricular GLS and SR
were noted to be significantly lower at 32 weeks for the in-
fants who still required respiratory support at 36 weeks
and continued to be lower at 36 weeks corrected age. The
authors postulated that early RV dysfunction contributes
to, and identifies premature infants who are at risk for, per-
sistent cardiorespiratory dysfunction.
As with all new echocardiographic methods, feasi-
bility and variability are key areas for investigators.
Feasibility of STE has been previously demonstrated
in neonates and adults [4,16,17]. Image optimization
during acquisition and use of gain settings allow better
mapping of the region of interest and are important for
low variability.
Limitations
While the small number of subjects as a limitation is ac-
cepted, this study is preliminary work describing STE in
critically sick neonates. We only depicted the apical
4- chamber approach which enables assessment of the
interaction of inferolateral and anteroseptal segments
simultaneously; radial and circumferential measure-
ments could give additional information. Since therapeutic
hypothermia is standard of care in the region, we did not
have a population of asphyxiated infants who were not
cooled for comparison with the study population. Lack of
serial measurements as a limitation is accepted.
Conclusions
Myocardium of asphyxiated infants showed impaired glo-
bal and segmental deformation as well as rate of deform-
ation during systole compared to healthy term neonates.
Deformation indices correlated with 2D Doppler derived
indices of cardiac output in both groups. While the con-
ventional parameters remain the cornerstone of echocar-
diographic assessments, speckle tracking is an upcoming
research tool which has shown promise in various neonatal
clinical situations. We believe these measurements could
potentially be useful in the management of haemodynam-
ically unstable infants, especially those needing inotropic
support; however, additional research is required.
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